Investigations of dipeptide structures containing pyrrolysine as N-terminal residues: a DFT study in gas and aqueous phase.
A set of six dipeptides containing pyrrolysine invariably at their N-terminal positions is studied in gas and aqueous phase using a polarizable continuum model (PCM). The molecular geometries of the dipeptides are fully optimized at B3LYP/6-31++G(d,p) level of theory and a second derivative (frequency) analysis confirms that all the optimized geometries are true minima. The effects of solvation and identity of the varying C-terminal residue on the energetics, structural features of the peptide planes, values of the ψ and ϕ dihedrals, geometry around the α-carbon atoms and theoretically predicted vibrational spectra of the dipeptides are thoroughly analyzed. Solvation effects are found to modify the gas phase conformation of the dipeptides around ψ dihedrals while the identity of the varying C-terminal residue affect the values of ϕ, planarity of the peptide planes and geometry around the α-carbon atoms. The presence or absence of three types of intramolecular H-bonds, namely O...H-N, N...H-N and O...H-C that leave noticeable signatures in the IR spectra, play crucial roles in influencing the geometry of the peptide planes and in determining the energetics of the dipeptides.